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(57) Abstract: Air conditioning system (10), in particular an air conditioning system having carbon dioxide as refrigerant, partic- 
ularly for use in a motor vehicle. The air conditioning system (10) comprises a compressor (12), a gas cooler (14), an expansion 
valve (16) and an evaporator (18) arranged in series and forming a closed circuit for the refrigerant. The compressor (12) has a 
compressor capacity control element and the air conditioning system (10) further comprises a controller (42) for controlling the 
compressor capacity control element and the expansion valve (16) so as to regulate an expansion valve inlet pressure. The controller 
(42) regulates the expansion valve inlet pressure by controlling the compressor capacity control element so as to align evaporator air 
off temperature with a set point; by monitoring expansion valve inlet temperature; by determining a required expansion valve inlet 
pressure corresponding to the monitored expansion valve inlet temperature by means of a control algorithm; and by adjusting the 
expansion valve (16) and the compressor capacity control element together along an iso-capacity curve to the required expansion 
valve inlet pressure. 
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Air Conditioning System 

Introduction 

The present invention relates to an air conditioning system, in particular to 
an air conditioning system having carbon dioxide as refrigerant, particularly for 
use in a motor vehicle. 

State of the Art 

As a result of the need to reduce the energy consumption arising from the 
5 use of automotive air conditioning systems, electronically controlled compressors 
are being increasingly applied. This permits external control, which can be used to 
advantage in a number of different ways. The most valuable in energy efficiency 
terms is the management of the evaporation temperature to reduce the necessary 
amount of reheat to a minimum. 

1 0 Automotive air conditioning systems with carbon dioxide as refrigerant usually 

have an electronically controlled compressor, but also require an extra degree of 
flexibility in the form of an electronically controlled expansion valve. The result of 
having two control elements means that different combinations of settings of the 
two devices can yield the same cooling performance. However these different 

15 combinations will have different energy efficiencies. A control system can be used 
to control the system to the combination, which yields the highest energy efficiency. 

The standard solution to this problem is to look for optimum COP (coefficient 
of performance) for fixed compressor displacement and is based on the recognition 
that for any given operating point the required head pressure for optimum 
20 efficiency is a simple function of the refrigerant temperature at the gas cooler 
outlet. The control problem reduces to one of establishing the relationship so that 
for any measured gas cooler outlet temperature the system knows what head 
pressure to control to. 

An other proposed solution to the problem is given in WO 00/06821. In this 
25 patent application, it is disclosed that one should identify the optimum COP for 
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fixed system cooling capacity and not for fixed displacement. WO 00/06821 
defines an operating band for all the COP optima and claims that one only needs 
to control within this band to achieve optimum efficiency. The operating band is 
determined by taking into account the refrigerant temperature and pressure on the 

5 expansion valve inlet side. Experimental data however indicates that to it is 
insufficient to lie within the operating band defined in WO 00/06821 but that each 
operating point has its own tolerance band to ensure control is near enough to the 
optimum. Thus simply being within the band does not mean that optimum COP 
will be achieved in any particular case. Thus, optimum efficiency is not achieved 

10 at all operating points. 

Object of the invention 

The object of the present invention is to provide an improved air 
conditioning system that operates at optimum efficiency in all operating ranges. 
This object is achieved by an air conditioning system as claimed in claim 1 . 

General description of the invention 

In order to overcome the abovementioned problems, the present invention 
15 proposes an air conditioning system, in particular an air conditioning system 
having carbon dioxide as refrigerant, particularly for use in a motor vehicle. The 
air conditioning system comprises a compressor, the compressor having a 
compressor capacity control element, a gas cooler, an expansion valve and an 
evaporator arranged in series and forming a closed circuit for the refrigerant. 
20 The air conditioning system further comprises a controller for controlling the 
compressor capacity control element and the expansion valve so as to regulate 
an expansion valve inlet pressure. The controller regulates the expansion valve 
inlet pressure by controlling the compressor capacity control element so as to 
align evaporator air off temperature with a set point; by monitoring expansion 
25 valve inlet temperature; by determining a required expansion valve inlet 
pressure corresponding to the monitored expansion valve inlet temperature by 
means of a control algorithm; and by adjusting the expansion valve and the 
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compressor capacity control element together along an Iso-capacity curve to the 
required expansion valve inlet pressure. 

By regulating the expansion valve inlet pressure by controlling the 
compressor capacity control element so as to align evaporator air off 

5 temperature with a set point, the desired cooling capacity of the system is set. 
By then adjusting the expansion, valve and the compressor capacity control 
element together along an iso-capacity curve to the required expansion valve 
inlet pressure, the optimum COP can be achieved while maintaining that 
particular cooling capacity. The optimum COP is achieved in all operating 
10 conditions due to the use of the algorithm for determining the required 
expansion valve inlet pressure. 

Preferably, the control algorithm comprises one or more control 
parameters chosen from the list comprising front end air flow; gas cooler air 
inlet temperature; evaporator air flow; evaporator air inlet temperature; 

15 evaporator air inlet humidity; compressor speed; and the set point. The inventor 
has recognised that these control parameters influence the efficiency of the 
system and that it is beneficial to take them into account in the control algorithm 
for determining the required expansion valve inlet pressure. Optimum COP can 
thereby be guaranteed in all operating conditions. 

20 The above control parameters can be set, estimated or measured, e.g. 

directly measured by means of sensors. The front end air flow can e.g. be 
estimated as a function of vehicle speed and fan speed. The gas cooler air inlet 
temperature can e.g. be estimated as a function of vehicle speed and ambient 
temperature. The evaporator air flow can e.g. be estimated as a function of 

25 blower speed, air temperature door setting, air distribution mode and air 
recirculation mode, wherein the air temperature door is used to mix heated air 
with cooled air so as to obtain the desired air temperature before distributing it 
to the passenger compartment, the air distribution mode is used to direct the 
conditioned air to different parts of the passenger compartments, such as e.g. 

30 windscreen, face or feet, and the air recirculation mode is used to either draw 
air from the passenger compartment or from the outside of the vehicle. The 
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evaporator air inlet temperature can e.g. be calculated as a function of cabin 
temperature, ambient temperature and air recirculation mode. 

According to one embodiment, the compressor is a variable stroke 
compressor and the compressor capacity control element is a compressor 

5 control valve for regulating the stroke of compressor pistons. Such a variable 
stroke compressor generally comprises a swash plate, swash ring or wobble 
plate for adjusting the stroke of the compressor pistons depending on the 
pressure acting on the front and the back of the pistons. The compressor 
control valve is used to regulate the pressure acting on the back of the pistons 

1 0 with respect to the pressure acting on the front of the pistons, thereby regulating 
the stroke of the pistons and hence the capacity of the compressor. 

According to another embodiment, the compressor is a variable speed 
compressor and the compressor capacity control element is a variable speed 
electric drive for regulating the speed of the compressor. Such compressors 

1 5 have fixed displacement and use an electric drive to adjust the speed of the 
compressor and thereby also the compressor capacity. 

Advantageously, an internal heat exchanger is arranged between the gas 
cooler and the expansion valve. The internal heat exchanger removes heat from 
a region between the gas cooler and the expansion device and transfers it to a 

20 region between the evaporator and the compressor. Due to the internal heat 
exchanger, more heat can be dissipated in the evaporator, thereby improving 
the performance and efficiency of the system. 

It will be appreciated that, if no internal heat exchanger is present, the gas 
cooler outlet pressure, resp. temperature, is the same as the expansion valve 

25 inlet pressure, resp. temperature. In this case, the expansion valve inlet 
pressure, resp. temperature, can be measured anywhere between the gas 
cooler and the expansion valve. However, if an internal heat exchanger is 
present, there is a temperature difference and a small pressure difference 
between the refrigerant at the gas cooler outlet and the refrigerant at the 

30 expansion valve inlet. The pressure and temperature should therefore be 
measured at expansion valve inlet. 
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Detailed description with respect to the figures 

The present invention will be more apparent from the following description 
of a not limiting embodiment with reference to the attached drawing, wherein 
Fig.1 shows a schematic view of an air conditioning system according to the 
invention. 

5 Fig.1 shows an air conditioning system 10, which can e.g. be installed in 

an automotive vehicle. Such an air conditioning system 10 comprises a 
compressor 12, a gas cooler 14, an expansion valve 16 and an evaporator 18. 
The different elements 12, 14, 16, 18 are connected in series by fluid pipes and 
form a closed circuit wherein a refrigerant, e.g. C0 2 , can circulate. The 

10 refrigerant exits a discharge port 20 of the compressor 12 under high pressure 
and is fed to the gas cooler 14, where it is cooled. The refrigerant then flows to 
the expansion valve 16, where it expands and drops in pressure. From the 
expansion valve 16, the refrigerant is led to the evaporator 18, where it 
evaporates. The refrigerant is then led back to a suction port 22 of the 

15 compressor 12. An internal heat exchanger 24 can be fluidly arranged between 
an outlet port 26 of the gas cooler 14 and an inlet port 28 of the expansion valve 
16, and between an outlet port 30 of the evaporator 18 and the suction port 22 
of the compressor 12. Such an internal heat exchanger 24, sometimes also 
referred to as superheater, comprises a high-pressure internal heat exchanger 

20 inlet 32 for receiving refrigerant from the gas cooler 14; a high-pressure internal 
heat exchanger outlet 34 for delivering refrigerant to the expansion valve 16; a 
low-pressure internal heat exchanger inlet 36 for receiving refrigerant from the 
evaporator 18; and a low-pressure internal heat exchanger outlet 38 for 
delivering refrigerant to the compressor 12. The internal heat exchanger 24 

25 removes heat from a region between the gas cooler 14 and the expansion valve 
16 and transfers it to a region between the evaporator 18 and the compressor 
12. More heat can be dissipated in the evaporator 18, thereby improving the 
cooling capacity and efficiency of the air conditioning system 10. Furthermore, 
an accumulator/dehydrator device 40 can be fluidly arranged between the outlet 

30 port 30 of the evaporator 18 and the suction port 22 of the compressor 12, 
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preferably upstream of the internal heat exchanger 24. The 
accumulator/dehydrator device 40 prevents liquid refrigerant from reaching the 
compressor 1 2 by storing excess liquid refrigerant coming from the evaporator 
18. The accumulator/dehydrator device 40 also removes debris and moisture 
5 from the system. 

A controller 42 is provided for controlling the performance of the air 
conditioning system 10. The controller 42 controls the capacity of the 
compressor 12 by acting on a compressor capacity control element (not shown) 
of the compressor 12. The compressor 12 can be a variable stroke compressor 

10 wherein the compressor capacity control element is a compressor control valve. 
The controller 42 acts on the compressor control valve so as to increase or 
decrease the pressure of the refrigerant acting on the back of the pistons with 
respect to the pressure of the refrigerant acting on the front of the pistons, 
thereby adjusting the stroke of the pistons and the capacity of the compressor 

15 12. By changing the capacity of the compressor 12, the cooling capacity of the 
air conditioning system 10 can be set. Hence, the controller 42 is designed to 
regulate the compressor capacity control element evaporator pressure so that 
evaporator air off temperature is aligned with a set point, i.e. so that the desired 
cooling capacity is obtained. In order to optimise the COP of the air conditioning 

20 system, the controller 42 monitors expansion valve inlet temperature; 
determines a required expansion valve inlet pressure corresponding to the 
monitored expansion valve inlet temperature by means of a control algorithm 
and then adjusts the expansion valve 16 and the compressor capacity control 
element together along an iso-capacity curve to obtain the required expansion 

25 valve inlet pressure. The optimum COP can thereby be achieved while 
maintaining that particular cooling capacity. 

The controller 42 uses control parameters, such as front end air flow, gas 
cooler air inlet temperature, evaporator air flow; evaporator air inlet 
temperature, evaporator air inlet humidity, compressor speed and the set point, 
30 in the control algorithm to determine the required expansion valve inlet 
pressure. The inventor has recognised that, as head pressure is changed, by 
whatever means, there are associated changes in just about every other 
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operating parameter within the refrigerant loop and significant deviation from the 
idealisation is seen. For example, as the expansion valve is closed to increase 
head pressure, mass flow rate changes, heat exchanger effectiveness and thus 
fluid outlet conditions adjust and isentropic efficiency of the compressor 
5 changes as pressure ratio changes. The gas cooler outlet temperature and 
evaporator pressure are therefore not sufficient to determine the required 
expansion valve inlet pressure since some or all of the above control 
parameters influence the efficiency of the system. It is thus beneficial to take the 
above-mentioned control parameters into account in the control algorithm for 
10 determining the required expansion valve inlet pressure. Optimum COP can 
then be guaranteed in all operating conditions. 

The inventor has also recognised that each operating point optimum has 
its own tolerance band. It will be appreciated that including every single control 
parameter in the algorithm can lead to the need for quite substantial computing 

15 power, which is not necessarily available in a vehicle. By using only some of the 
control parameters, the needed computing power can be reduced, while at the 
same time, the accuracy of the COP point is reduced. A compromise can hence 
be made between the needed computing power and the accuracy with which 
the required expansion valve inlet pressure can be determined for optimum 

20 COP. 
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Reference Signs 

10 air conditioning system 

12 compressor 

14 gas cooler 

16 expansion valve 

18 evaporator 

20 discharge port of compressor 

22 suction port of compressor 

24 internal heat exchanger 

26 outlet port of gas cooler 

28 inlet port of expansion valve 

30 outlet port of evaporator 

32 high-pressure internal heat exchanger inlet 

34 high-pressure internal heat exchanger outlet 

36 low-pressure internal heat exchanger inlet 

38 low-pressure internal heat exchanger outlet 

40 accumulator/dehydrator device 

42 controller 
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Claims 

1. Air conditioning system, in particular air conditioning system having carbon 
dioxide as refrigerant, particularly for use in a motor vehicle, 

said air conditioning system comprising a compressor, a gas cooler, an 
expansion valve and an evaporator arranged in series and forming a closed 
5 circuit for said refrigerant; 

said compressor having a compressor capacity control element and said air 
conditioning system further comprising a controller for controlling said 
compressor capacity control element and said expansion valve so as to 
regulate an expansion valve inlet pressure; 
10 said controller regulating said expansion valve inlet pressure by 

controlling said compressor capacity control element so as to align 
evaporator air off temperature with a set point; 

monitoring expansion valve inlet temperature; 

determining a required expansion valve inlet pressure corresponding to 
15 said monitored expansion valve inlet temperature by means of a control 

algorithm; and 

- adjusting said expansion valve and said compressor capacity control 
element together along an iso-capacity curve to said required 
expansion valve inlet pressure. 

20 2. System according to claim 1 , wherein said control algorithm comprises one 
or more control parameters chosen from the list comprising: 

front end air flow; 

gas cooler air inlet temperature; 

evaporator air flow; 

25 - evaporator air inlet temperature; 

evaporator air inlet humidity; 
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compressor speed; and 
set point. 

3. System according to claim 2, wherein said control parameters are set, 
estimated or measured. 

5 4. System according to claim 2 or 3, wherein said front end air flow is 
estimated as a function of vehicle speed and fan speed. 

5. System according to any of claims 2 to 4, wherein said gas cooler air inlet 
temperature is estimated as a function of vehicle speed and ambient 
temperature. 

10 6. System according to any of claims 2 to 5, wherein said evaporator air flow is 
estimated as a function of blower speed, air temperature door setting, air 
distribution mode and air recirculation mode. 

7. System according to any of claims 2 to 6, wherein said evaporator air inlet 
temperature is estimated as a function of cabin temperature, ambient 

15 temperature and air recirculation mode. 

8. System according to any of claims 1 to 7, wherein said compressor is a 
variable stroke compressor and said compressor capacity control element is 
a compressor control valve. 

9. System according to any of claims 1 to 7, wherein said compressor is a 
20 variable speed compressor and said compressor capacity control element is 

a variable speed electric drive. 

10. System according to any of claims 1 to 9, wherein an internal heat 
exchanger is arranged between said gas cooler and said expansion valve. 



WO 2004/005807 




T/EP2003/050281 



1/1 




INTERN ATI ON 



EARCH REPORT 



tntematicJ^WPptlcatlon No 

PCT/^P>3/50281 



A. CLASSIFICATION OF SUBJECT MATTER . ^ 

IPC 7 F25B9/00 F25B49/02 




According to Inlemallonal Patent Classification (IPC) orto both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 F25B 


Documentation searched other than minimum documentation to the extent that such documents are Included In the fie 


Ids searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , WPI Data, PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 6 230 506 Bl (HOTTA TADASHI ET AL) 

15 May 2001 (2001-05-15) 

abstract 

column 5, line 33 - column 8, line 27; 
figures 1,3 

US 2001/0003904 Al (HAMERY BRUNO ET AL) 

21 June 2001 (2001-06-21) 

abstract 

paragraph '0030! - paragraph '0042! 
figures 1,4,5 

EP 0 837 291 A (DENSO CORP ; NIPPON S0KEN 
(JP)) 22 April 1998 (1998-04-22) 
abstract 

column 32, line 38 - column 33, line 1 
figure 35 

-/- 



1-3,7,9 

4,5,8,10 
6 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



° Special categories of cited documents : 

'A' document defining the general state of the art which Is not 

considered to be of particular relevance 
•E* earlier document but published on or after the International 

filing date 

•L' document which may throw doubts on priority daim(s)or 
which Is cited to establish the publication date of another 
citation or other special reason (as specified) 

■O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the International filing date but 
later than the priority date claimed 



T later document published after the International filing date 
or priority date and not In conflict with the application but 
cited to understand the principle or theory underlying the 
Invention 

•X" document of particular relevance; the claimed Invention 
cannot be considered novel or cannot be considered to 
Involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed Invention 

cannot be considered to Involve an Inventive step when the 
document Is combined with one or more other such docu- 
ments, such combination being obvious to a person skfDed 
in the art. 

"&' document member of the same patent family 



Date of the actual completion of the international search 

7 November 2003 



Name and mailing address of the ISA 

European Patent Office, P.R 5618 Patent laan 2 
NL-2280HVRlIswi]k 
TeL (+31-70) 34O-2040, Tx. 31 651 epo nl, 
Fax (+31-70) 340-3016 



Date of mailing of the international search report 

14/11/2003 



Authorized officer 



De Graaf, J.D. 



Form PCT/ISA/210 (second sheet) (July 1892) 



INTERNATION 



EARCH REPORT 



Intematjd^BVpllcatlon No 

PCT/^Pb3/50281 



C(ContInuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category 0 


Citation of document, with Indlcation.where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


R.P. MCENANEY AND P.S. HRNJAK: "Control 

strategies for transcrltlcal R744 Systems" 

SAE PAPER 2000-01-1272, 

6 March 2000 (2000-03-06), page ALL, 

XP0001169085 

the whole document 


8,10 


X 


DE 100 53 203 A (DENS0 CORP ; NIPPON S0KEN 

(JP)) 7 June 2001 (2001-06-07) 

abstract 

column 18 line 48 — column 19. line 35: 
figure 18 


1-3,5,9, 
10 


X 


EP 0 786 632 A (DENS0 CORP ; NIPPON S0KEN 
f.lP^ 30 Julv 1QQ7 (1997-07-30) 
abstract 
figure 14 


1 


A 


US 2001/0035286 Al (SHIMIZU TOSHITAKA ET 
AL) 1 November 2001 (2001-11-01) 
the whole document 


1 


A 


PATENT ABSTRACTS OF JAPAN 

vol. 2002, no. 07, 

3 July 2002 (2002-07-03) 

A .IP 900? 081766 A ( MATSUSHITA ELECTRIC 

IND CO LTD), 22 March 2002 (2002-03-22) 

abstract; figures 1,3,5 


1,2,10 


A 

At 


FR 2 798 325 A fVALEO CLIMATISATION) 
16 March 2001 (2001-03-16) 
abstract 


3-7 


A 


rp i ini fioo a (TOYODA AUTOMATIC LOOM 
WORKS) 23 May 2001 (2001-05-23) 
abstract; figures 4-7 


6 


A 


EP 0 935 107 A (T0Y0DA AUTOMATIC LOOM 
WORKS) 11 August 1999 (1999-08-11) 
abstract 


8 


A 


FR 2 796 595 A (VALE0 CLIMATISATION) 
26 January 2001 (2001-01-26) 




A 


US 6 367 272 Bl (HI RAO T0Y0TAKA ET AL) 
9 April 2002 (2002-04-09) 





Form PCT/lSA/210 (oonttuiaton d second sheet) (July 1992) 



INTERNATION/^|EARCH REPORT 


IntemaU^M^pUcaUon No 

PCTj^P03/50281 


Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



US 6230506 



Bl 



15-05-2001 



JP 2000146329 A 
DE 19939028 Al 



26-05-2000 
02-03-2000 



US 2001003904 


Al 


21-06-2001 


FR 


2802474 Al 


22-06-2001 






EP 


1112872 Al 


04-07-2001 1 


EP 0837291 


A 


22-04-1998 


OP 


10089785 A 


■ 10-04-1998 






JP 


10115470 A 


06-05-1998 








EP 


0837291 A2 


22-04-1998 








US 


6044655 A 


04-04-2000 








IP 

Or 






DE 10053203 


A 


07-06-2001 


jp 


2001201213 A 


27-07-2001 






jp 


2001194017 A 


17-07-2001 








DE 


10053203 Al 


07-06-2001 








US 


6505476 Bl 


14-01-2003 


EP 0786632 


A 


30-07-1997 


JP 


9264622 A 


07-10-1997 






DE 


69722276 Dl 


03-07-2003 








EP 


0786632 A2 


30-07-1997 








US 


5890370 A 


06-04-1999 



US 2001035286 Al 01-11-2001 JP 2002200917 A 16-07-2002 

DE 10120243 Al 06-12-2001 
FR 2808245 Al 02-11-2001 



JP 


2002081766 


A 


22-03- 


•2002 


NONE 






FR 


2798325 


A 


16-03- 


■2001 


FR 


2798325 Al 


16-03-2001 








EP 


1118482 Al 


25-07-2001 












JP 


2001130251 A 


15-05-2001 


EP 


1101639 


A 


23-05- 


-2001 


JP 


2001140767 A 


22-05-2001 








EP 


1101639 Al 


23-05-2001 












US 


6385982 Bl 


14-05-2002 


EP 


0935107 


A 


11-08- 


-1999 


JP 


11223183 A 


17-08-1999 








JP 


11223179 A 


17-08-1999 












EP 


0935107 A2 


11-08-1999 












US 


6138468 A 


31-10-2000 



FR 2796595 A 26-01-2001 FR 2796595 Al 26-01-2001 



US 6367272 Bl 09-04-2002 NONE 



Food PCT/ISA/210 (patent family amex) (July 1882) 



